Background: The effect of adrenal replacement therapy (ART) with hydrocortisone on critical endpoints such as infection and mortality in critically ill patients with cirrhosis remains unclear. We evaluated our indications for ART in patients with cirrhosis with clinical symptoms of adrenal insufficiency (AI), and examined the rate of peri-transplant fungal colonization and mortality associated with ART. Methods: Seventy-eight patients with cirrhosis admitted to our institution's surgical intensive care unit (ICU) over a 4-year period met criteria for AI by vasopressor requirement and baseline cortisol levels. Outcomes included disposition at 90-days, fungal colonization, and fungal infection in the presence or absence of ART. Results: In total, 56 patients received hydrocortisone (HC+) while 22 did not (HC2). The HC+ and HC2 groups had comparable median Model for End-stage Liver Disease (MELD) scores (26.5 vs. 25, respectively; p50.93), median ICU lengths of stay (23 vs. 20 days, respectively; p50.54) and median cortisol levels (18 mg/dL for both, p50.87). Fungal cultures (FC) from blood, urine or bronchoalveolar lavage/sputum were positive for 44% of HC+, and 40.9% of HC2 (p50.77) had mortality rates between HC+ and HC2 groups that were not significantly different (60.7% vs. 50%, respectively; p50.39; a50.05). The 90-day outcomes for HC+ vs. HC2 (39.3% vs. 50% discharged, respectively; p50.39; a50.05) and those surviving to transplant (17.9% vs. 36.4%, respectively; p50.08; a50.05) were not significantly different between the two groups.
Introduction
Symptoms suggestive of adrenal insufficiency (AI) are commonly observed in patients confined to the intensive care unit with cirrhosis awaiting orthotopic liver transplantation (OLT). 1, 2 Adrenal insufficiency is defined as a deficiency in either the production or action of glucocorticoids, and is often due to insufficient glucocorticoid activity in critical illness. 3, 4 The incidence and mortality associated with AI in patients without cirrhosis who are in septic shock have been reported to be as high as 61% 4 and 70%, 5 respectively. Use of traditional parameters studied in patients without liver disease suggests a 50-80% incidence of AI in patients with cirrhosis, 6, 7 with mortality rates ranging from 60 to 100%. 7, 8 However, patients with end-stage liver disease (ESLD) in the absence of sepsis have clinical similarities to septic shock, such as high output cardiac failure, encephalopathy, and renal dysfunction. 9 Concomitant infection or evolving sepsis may confound this clinical picture, and the condition may go undiagnosed unless the level of suspicion is high. Of particular concern is fungal infection, which may render the patient ineligible for transplantation, and/or increase the risk of peri-transplant mortality. 10 Previous studies have been inconclusive regarding the survival benefit of adrenal replacement therapy (ART) in patients with sepsis without underlying liver disease, even with low-dose steroids (f300 mg/day of hydrocortisone or equivalent). [11] [12] [13] [14] The risk/benefit ratio of ART use in patients with late-stage cirrhosis is even less clear. Given the association of steroid administration with infection in the immunocompromised patient,infection (with potential loss of transplant eligibility) and peritransplant survival remain unknown. 6, 15, 16 There is no current consensus by which to define AI in the context of chronic liver disease. Definitions for AI based on cortisol levels were obtained from critically ill patients without cirrhosis. 17 The general consensus for AI in patients with sepsis without liver disease is a random cortisol level of ,15 mg/dL 18 or a delta cortisol of ,9 mg/dL after 250 mg cosyntropin stimulation test. 19 Approximately 90% of circulating cortisol is bound to corticosteroid-binding globulin and albumin, and reduced levels of these proteins, as is typical in patients with cirrhosis, may lower total cortisol levels without affecting the free biologically active cortisol levels. 20, 21 Galbois et al. suggested that serum total cortisol levels overestimate the prevalence of adrenal insufficiency in patients with cirrhosis, given their decreased protein synthetic function. 22 Due to depressed humoral and cell-mediated immunity, 23, 24 high levels of circulating proinflammatory cytokines, 25 and failure of gut integrity, 26 patients with liver failure are predisposed to infection, particularly those caused by fungi. 27, 28 Post-OLT fungal infections result in poor outcomes with mortality rates reported to be as high as 70-92%. 29, 30 Peri-transplant fungal infections have been shown to result in mortality rates as high as 72%, 10 and could exclude patients from transplantation or could compromise post-transplant survival. Earlier studies performed on patients without cirrhosis including meta-analyses by Minneci et al. 14 and Cronin et al., 31 found an increased incidence of infection with low-dose 5, 12 to high-dose 32, 33 ART; however, these findings could not be replicated in other studies reviewing lower-dose ART. 11, 14 Falcone et al. found that 58.3% of patients with liver disease and invasive aspergillosis infections had received concomitant steroid therapy. 10 Because of the difficulty in arriving at an accurate biochemical diagnosis of AI, the uncertainty of therapeutic benefits of ART, and the increased risk of infection in liver disease, we sought to investigate the association between ART and the rate of positive fungal cultures and 90-day outcomes.
Methods
This retrospective study was conducted in the surgical intensive care unit (ICU) of a tertiary academic hospital. Charts of 257patients with cirrhosis requiring ICU monitoring over a 33-month period from 2008-2011 were reviewed.
The inclusion criteria were age o18 years, presence of underlying cirrhosis diagnosed before or during ICU admission, current listing or evaluation for OLT in progress, and hemodynamic compromise as defined by any vasopressor requirement to maintain a mean arterial pressure (MAP) .60 mm Hg. Patients with fulminant hepatic failure or previously on immunosuppression, including history of corticosteroid use or with prior transplantation, were excluded. All patients were co-managed by a multidisciplinary group of surgical intensivists, transplant surgeons, hepatologists, endocrinologists, and infectious disease clinicians. The study was approved by the institutional review board of the Methodist Hospital.
In total, 78 patients met the inclusion criteria, and were grouped according to whether ART in the form of intravenous hydrocortisone was administered (HC+) or not (HC2). The average dose of hydrocortisone or steroid dose equivalent was 204.28 mg ± 54.8 per 24 hours. All received ART for at least 24 hours. The decision to administer ART was based on serum cortisol levels or evaluation of clinical symptoms suggestive of AI, such as vasopressor requirement, both at the discretion of the treating surgical intensivists. Serum cortisol levels were not obtained for patients who received etomidate. Prophylactic antifungal treatment in the form of an azole or echinocandin was initiated at the time of ART (HC+) or within 48 hours of obtaining cultures (HC2). Cultures were universally obtained in cases where there was clinical suspicion for fungemia, presence of other infection site, or declining patient status. 34 Patients were compared by age, gender, liver disease etiology, and liver failure severity; the last was established at the time of ICU admission by the Model for End-stage Liver Disease (MELD) score. 35 Fungal culture data and antifungal use were reviewed in all patients. Fungal cultures were obtained as described above. Positive cultures were further delineated by source, specifically bronchoalveolar lavage (BAL)/sputum, urine, blood, or mixed (from more than two positive sources). Hospitalization was monitored by ICU length of stay (LOS) in days. Patient outcomes were based on the status 90-days after ICU admission, and were defined as OLT (transplant), discharge to home or other non-acute care facility (discharged), and death (died). In addition to an available size and ABO-appropriate matched graft, transplant eligibility at our center is determined by the following recipient criteria: sepsis-free, minimal ventilator settings and vasopressor utilization, and evidence of central nervous system responsiveness. 36 Descriptive statistics are shown as mean ± SD and median values with interquartile range. Unpaired Student t-tests (a50.05) and Wilcoxon rank sum tests for nonparametric data were used for statistical analysis. Categorical data was analyzed using thex 2 test or Fisher's exact t-test if n,5. Variables with p,0.05 were considered statistically significant. Statistical analysis was performed using STATA 12 software (StataCorp LP, College Station, TX, USA).
Results

Patient demographics
Of the 257 patients with cirrhosis admitted to the ICU, 78 patients met the criteria for inclusion; 56 (71.8%) of these patients received hydrocortisone (HC+) and 22 (28.2%) did not (HC2). The mean ages of the HC+ and HC2 cohorts were 55.2 ± 9.1 and 57.1 ± 11.1 years old, respectively (p50.48) ( Table 1 ). The gender distribution was 51.8% men (n529) in the HC+ group and 63.6% men (n514) in the HC2 group (p50.35). The median MELD was 26.5 (interquartile range (IQR)512.5)) for HC+ vs. 25 (IQR 5 10) for HC2, (p50.93) , and the median ICU LOS was 23 days (IQR 521.5) and 20 days (IQR 5 26), respectively (p50.54). Baseline cortisol levels were drawn for 47 (83.9%) HC+ patients, and 14 (63.6%) HC2 patients prior to starting ART. The median cortisol level was 18 mg/dL (IQR513) for the HC+ group, and 18 mg/dL (IQR 5 15 for the HC2 group (p50.87). Etomidate was given to 13 patients (23.2%) in the HC+ group, and 6 patients (27.3%) in the HC2 group. The etiology of liver disease for the HC+ group was as follows: 41.1% (n523) alcoholic cirrhosis, 33.9% (n519) viral hepatitis, and 25% (n514) ''other etiologies'', which comprised of cryptogenic (n51), non-alcoholic fatty liver disease (NAFLD; n56), and congenital (a1 antitrypsin deficiency, biliary atresia, and hemochromatosis) (n57). The etiologies of liver disease in the HC2 group were 9.1% (n52) alcoholic cirrhosis (p50.006), 54.5% (n512) viral hepatitis (p50.09), and other etiologies 36.3% (n58) (p50.32), which included cryptogenic (n53), cholestatic (n53), NAFLD (n51), and congenital (polycystic) (n51).
Culture results
Fungal cultures (FC) were obtained for all patients in each group; however, only 46.4% (n526) of HC+ patients and 27.2% (n56) of HC2 patients had indications for blood FC (p50.12). Positive FC of any type was found in 44.6% (n525) of the HC+ group, and 40.9% (n59) of the HC -group (p50.77). Overall, there was no statistically significant relationship between the distribution of positive fungal cultures and steroid administration (p50.812). Of the HC+ positive FC, 24% (n56) were from BAL/sputum, 36% (n59) from urine, 12% (n53) from blood and 28% (n57) from more than two sources (Fig. 2) . For the HC-patients the sources were: 22.2% (n52) BAL/sputum (p.0.99), 22.2% (n52) urine (p50.38), 11.1% (n51) blood (p.0.99), and 44.4% (n54) mixed (p50.31) (Fig. 1) .
Patient disposition
The 90-day outcomes were evaluated in both groups. Of the HC+ cohort, 17.9% (n510) survived to transplant, and one patient died in the immediate postoperative period from antibody-mediated rejection. In the HC2 group, 36% (n58) survived to transplant (p50.08) (Fig. 2) , and one patient died in the immediate postoperative period from a cerebrovascular accident (Fig. 3) . Of the patients with high suspicion of fungemia, 30% (1/3) in the HC+ group died, compared with 20% (1/5) in the HC2 cohort (p.0.99). Overall, in the HC+ group, 60.7% (n534) died from a sepsis-related cause, while 39.3% (n522) were discharged to home or a facility. Within the HC2 cohort, 50% (n511) died within the 90-day followup period (p50.39) and 50% (n511) were discharged (p50.39). Of the patients in the HC + cohort who survived, 45.5% had alcoholic cirrhosis (n 5 11), 31.8% had viral hepatitis (n 5 7), 9.1% had NAFLD (n 5 9), and 13.6% had congenital cirrhosis (n 5 3), while the numbers in the HC2 cohort were 18.1% alcoholic cirrhosis (n 5 2), 36.4% viral hepatitis (n 5 4), 9.1% cryptogenic cirrhosis (n 5 1), 18.2% cholestatic cirrhosis (n 5 2), 9.1% NAFLD cirrhosis (n 5 1), and 9.1% congenital cirrhosis (n 5 1).
Discussion
Critically ill patients with cirrhosis are at high risk for infection, particularly fungal infections, 23, 37 which may compromise OLT candidacy. In this small retrospective series, we found that low-dose ART did not have a statistically significant effect on the rate or distribution of peri-transplant fungal colonization/infection or ability to maintain candidacy for OLT. Although factors such as number and duration of vasopressors, or positivity of bacterial cultures were not included in this analysis, the two patient groups were equivalent with regards to disease severity (as measured by MELD), age, and distribution of causes of cirrhosis. There was a significantly higher representation of patients with alcoholic cirrhosis in the HC+ group; however, given the small cohort size, it is unclear as to how the etiology of cirrhosis may have influenced the effects of ART in our study population. Evaluation of fungal culture data showed no significant difference in colonization, infection rate, or site distribution between the two groups. Patient outcome was also similar between the two cohorts. Despite a higher raw percentage of HC+ patients expiring (60.7% HC+ vs. 50% HC2), and a lower percentage of HC+ patients maintaining eligibility for transplant (17.9% HC+ vs. 36.4% HC2), no statistical significance could be found between the two groups. Because this study was insufficiently powered, we cannot conclude that there is a relationship between survival to OLT and ART use. However, it is interesting to note that steroids for AI may not confer a survival benefit in critically ill patients with liver failure. The role of ART in AI has been controversial, [11] [12] [13] [14] and although several studies reported a decrease in vasopressor requirement, 6, 15, 16, 32 there has not been consistent evidence demonstrating an improvement in mortality 6, 15, 16, 32 in patients without liver disease. There is likewise no consensus on the ideal duration of ART in patients with liver disease, with studies utilizing time to shock resolution 15, 16 unlike the 7-days proposed by Annane et al. 11 for patients without cirrhosis. Additionally, the duration of therapy may confer an increased risk of adverse effects, as studies have reported increases in gastrointestinal bleeding 15 and superinfection. 16 Several studies have suggested that a reduction in vasopressor treatment duration may increase the chances of becoming eligible to obtain a transplant; 6,32 however, this was not an outcome evaluated in our study.
Although the exact mechanism for AI in cirrhosis is not well defined, studies suggest that the pathology for AI in cirrhosis may be different than in patients without chronic liver disease. 38 Described as ''hepatoadrenal syndrome'', 6 AI in liver disease is proposed to be a result of increased circulating endotoxins, which exacerbate the already depressed synthetic function of the liver by elevating proinflammatory cytokine levels, and further decreasing production of steroidal substrates. 39 The association between depressed high-density lipoprotein (HDL) levels 40 and the inhibitory affect of cytokines on cortisol production 41 suggest impaired cortisol synthesis in these patients. In patients with cirrhosis without sepsis or hemodynamic instability, 60% have been found to have an abnormally low response to adrenocorticotropic hormone (ACTH) stimulation test, 42 raising the possibility that AI may be a pre-existing condition exacerbated by critical illness or may be the result of a poorly measured assessment of adrenal function in this population.
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Fig . 3 . Flowchart of patient distribution and 90day outcomes. All patients were diagnosed with cirrhosis prior to admission. Patients were reviewed based on eligibility of study criteria as described in the methods section. Alive, alive at 90-days post-ICU admission and discharged to home or non-acute care facility; ICU, intensive care unit. HC+, received hydrocortisone, HC2,did not receive hydrocortisone, LT, liver transplantation. *Patients who received transplants, but died within the postoperative period were considered deaths. Causes of mortality: cerebrovascular accident and hyperacute cell-mediated rejection.
The difficulty of making a biochemical diagnosis, and lack of current consensus for a definition of AI in the context of chronic liver disease suggests a need to evaluate alternative assays specific to this patient population. Standard assays measure serum total cortisol concentration, which is composed of two fractions: serum-free cortisol, which is physiologically active, and protein-bound cortisol, which is inactive. Serum-free cortisol levels were not evaluated in the current study, and are not readily available. Additionally, decisions for administering ART in this study, as well as in previous studies, 6, 32 were often based upon clinical judgment, such as vasopressor requirement and response to vasopressors. Further analysis utilizing cortisol-binding globulin and free serum cortisol levels will be necessary to better define the effect of AI on the outcomes of critically ill patients with cirrhosis, as well as to evaluate the role of clinical judgment versus predetermined parameters in determining treatment.
There are several limitations to our retrospective study. First, our small sample size increased the likelihood of a type II error. We excluded 70% of our patients because of prior steroid use or lack of vasopressor requirement. Secondly, because it was a retrospective study, we could not control for the variability in indications for fungal culture analysis and variation in antifungal prophylaxis. Additionally, not all patients had cortisol levels obtained, as treatment was based on the clinical judgment of the intensivists. These limitations may have introduced bias within the sample. The uniform use of ACTH stimulation tests would have provided additional information for AI, although etomidate use was proportionally similar between both groups. Lastly, the limitation inherent to any study of this nature is the availability of donor organs, which cannot be controlled, but affects patient survival to OLT.
As the number of patients with cirrhosis listed for transplantation frequently exceeds graft availability, the numbers of critically ill liver patients will increase. Their hyperdynamic physiologic profile, consisting of a high cardiac output with low systemic venous resistance, may compound a picture that classically suggests AI in a patient without cirrhosis. Despite a lack of definitive diagnostics or evidence for a survival benefit with ART, these patients are often administered ART. In this small retrospective study, we have demonstrated that ART likely has no statistically significant affect on peri-transplant fungal colonization and infection, and furthermore may not confer survival in patients with cirrhosis with clinical features of AI. A novel aspect to our study is our analysis of 90-day survival outcomes, which extends our surveillance beyond the index ICU admission. There also appeared to be a higher percentage of patients going to transplant in the HC2 group and, although this observation nearly reached statistical significance, this trend is multi-factorial and dependent on graft availability. Future studies incorporating prospective analysis of cortisolbinding globulin and free serum cortisol levels in larger cohorts of patients with cirrhosis will be required to confirm these results.
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